The results of omental transposition in chronic spinal cord injury have been reported in 160 patients operated upon in the United States, Great Britain, China, Japan, India and Mexico, with detailed outcomes reported in few studies. Recovery of function to a greater degree than expected by natural history has been reported. In this series, 15 patients with chronic traumatic spinal cord injury (> 1.5 years from injury) underwent transposition of pedicled omentum to the area of spinal cord injury. Of the first series of four patients who were operated upon in 1988, one died, one was lost to follow-up and two were followed with sequential neurological examinations and Magnetic Resonance Imaging (MRI) scans preoperatively, at 1 year post injury and 4 V2 years post injury. Another 11 patients were operated in 1992 and underwent detailed neurological and neurophysiological examinations and had MRI scans preoperatively and every 4 months for at least 1 year after surgery. All patients completed a detailed self-report form. Of the total of 13 operated patients in both series followed for 1-4 V2 years, six reported some enhanced function at 1 year and five of these felt the changes justified surgery primarily because of improved truncal control and decreased spasticity. MRI scans showed enlargement of the spinal cord as compared to preoperative scans in seven patients. Increased T2 signal intensity of the spinal cord was found by 1 year after surgery in eight of 13 operated patients. Neurophysiological examinations of 11 patients in the second series agreed with self-reports of increases or decreases in spasticity (r = 0.65, P < 0.03). Somatosensory evoked potentials and motor evoked potentials at 4 month intervals up to 1 year in these patients showed no change after surgery. Neurological testing, using the American Spinal Injury Association (ASIA) and International Medical Society of Paraplegia (IMSOP) international scoring standards, failed to show any significant changes when the I-year post operative examination was compared to the first preoperative examination except for decreased sensory function after surgery which approached statistical significance. When the 11 patients in the second series were compared to eight non-operated matched patients, followed for a similar length of time, no significant differences were found. Complic,!tions encountered in the operated patients from both series included one postoperative death from a pulmonary embolus, one postoperative pneumonia, three chronic subcutaneous cerebrospinal fluid (CSF) fistulae requiring wound revision, and one patient who developed biceps and wrist extensor weakness bilaterally requiring graft removal. We conclude that the omental graft remains viable over time and this operation can induce anatomical changes in the spinal cord as judged by MRI. Some patients reported subjective improvement but this was not supported by objective testing. We, therefore, find no justification for further clinical trials of this procedure in patients who have complete or sensory incomplete lesions. Further testing in motor incomplete patients would seem appropriate only with compelling supportive data.
Introduction
The concept of omental transposition to brain and spinal cord was first proposed by Goldsmith. I The rationale is based upon the omentum's unusual biochemical properties. Omentum has been shown to contain high levels of neurotransmitters and to contain a lipid-soluble angiogenic factor which induces growth of new blood vessels. 2 , 3 . 4 . 5 A lipid-soluble factor which induces neurite outgrowth in cultured neurons has been reported in omental extracts. 6 Omentum has been shown to enhance neurite outgrowth across a collagen bridge after experimental spinal cord transection. 7 Goldsmith's work and that of others established in animals that pedicled omentum, subcutaneously tunneled from the abdomen and placed against the brain or spinal cord, developed vascular communica tions from omentum to neural tissue. 1 , 8 10 There is evidence that the blood flow provided to the brain by pedicled omentum experimentally is sufficient to prevent infarction after middle cerebral artery occlu sion. II -17 Vascular communications of omental graft to the brain have been shown angiographically in children with Moya-Moya disease who underwent omental transposition. 1 8 There are many reports of omental transposition to the brain of patients after stroke. [19] [20] [21] [22] [23] [24] [25] [26] There are eight clinical reports of over 160 patients �� dergoin § omental transposi . tion after spinal c ? rd InJury. l , 27 -3 Few or no details of the neurological outcome are given in most of this literature, but substantial recovery of function is reported in most of it. Omental transposition is being widely performed throughout the world and has recently been performed in 40 patients in the United States. 1 Goldsmith has stated that 40% of the spinal cord injured patients undergoing omental transposition have shown 'varying degrees of neurological improvement'. 1 Systematic follow-up using anatomical, neurophysiological and neurological measures has not been reported in any series. In this study, we report a series of two groups of patients with chronic spinal cord injury who underwent omental transposition with frequent multi modality follow-up measures to determine if the procedure could offer benefit.
Material and methods

First series
In 1989 a pilot series of four patients with tetraplegia underwent omental transposition at The Hunter Holmes McGuire Veterans Administration Hospital, Richmond, Virginia. The research procedures were approved by The Committee for The Protection of Human Subjects of the Medical College of Virginia, Richmond, Virginia. One patient was Level C5, ASIA Impairment Scale (AIS) A, with a zone of partial preservation (ZPP) to Level L5 (no sacral sensation) and three were levels C6, C5, and C5, all AIS c. 34 Patients had been injured I Y2 years (one), 2 years and 9 months (two), and 3 years (one) prior to undergoing omental transposition. One patient (AIS A) was lost to follow-up 1 year after surgery after reporting no improvement and a second (AIS C) died of a pulmonary embolus in the postoperative period. Two patients (AIS C), therefore, underwent long term follow-up. Patients were given standard neurological examinations using the examination developed by the National Acute Spinal Cord Injury Study (NASCIS). 35 One author (GLC) performed all examinations, assisted by a physical therapist. Patients underwent neurological examination on two different occasions, 2 months apart prior to surgery and then at 4, 8, 12 and 20 months, and at 4 years and 6 months after surgery. Somatosensory evoked potentials were done preopera tively and I year post surgery. MRI scans of the cervical spine were done prior to surgery, 1 year after surgery, and 4 Y2 years after surgery.
Second series
A second larger series of 11 patients underwent omental transposition between April 12, 1992, and December 8, 1992 , at the Hermann Hospital, Houston, Texas, with more outcome measures at more frequent intervals than were used in the first series. These patients underwent detailed assessment twice at 2 month intervals before surgery and at 4 month intervals for 1 year after surgery. A comparable group of eight patients who did not have surgery were examined I year apart for comparison purposes.
Of the nine male and two female patients under going surgery, eight were tetraplegic and three were paraplegic. The average time since injury was 53.3 months (range 21--156). All by their history, had been neurologically stable for at least 1 year. The mean age was 32 years (range . By the American Spinal Injury Association (ASIA) Classification System, four were AIS A, with a zone of partial preservation that averaged 19 levels below the neurologic level of lesion (range 15-22 levels), six were AIS B and one was AIS C. Seven patients had previously undergone surgery for stabilization at the time of injury and four had been managed non-operatively. The eight patients who met the inclusion criteria for the study but declined the operation were followed for 1 year (Table 1) (e) Statistics: Intraobserver reliability of ASIA scores was evaluated in the 11 surgical patients who were examined twice, 2 months apart, prior to surgery, and in eight non-operated patients examined twice, 1 year apart. Intrarater reliability for each pair of exams was estimated using intraclass correlation. 41 Changes in spasticity of the lower limbs over the period from before surgery to 1 year later were assessed by patient self reports and by BMCA. These were then correlated.
The stability of the neurophysiological record ings has been previously documented in related studies 42 which showed an overall reliability index of 0.92, which is in agreement with previous published figures indicating a repeatability of 5% for surface EMG recordings. 4 3 The consistency of these findings was further documented through repeated recordings I -2 months apart prior to surgery in four patients, and in repeated recordings in non-operated subjects 6 months to I year apart, all of whom had consistent patterns of responses to the protocol, with overall quantitative changes ranging from 3% to 18%, with one exception (49% change, accompanied by a self reported diminished spasticity on the second baseline recording); (f) Surgical Procedure: The abdominal portion of the operation, all performed by two surgeons (FGM and JRP), was conducted by first performing a laparotomy as described by Gold smith. 21 In four patients in the first series and in five patients in the second series (two tetraplegics and three paraplegics) the omentum was pedicled by dividing its vascular supply so that the right gastroepiploic artery and vein provided supply and the omentum could be lengthened to at least 45 cm. Once pedicled, the graft was tunneled subcutaneously to the neck or lateral chest wall. The patient was then placed in a prone position and either a thoracic or a cervical laminectomy was performed depending upon the level of lesion (performed by GLC). The graft was then tunneled subcutaneously to the incision. The dura and arachnoid were opened and the graft applied to the spinal cord at the area of injury plus several centimeters above and below it. The graft was then sutured to the opened dura. Viability of grafts were assessed by doppler of the vascular pedicles and also by inspection. A vascular segments of omentum turn a dusky blue color. Only vascularized omental tissue was grafted. In six tetraplegics, free omental grafts were taken rather than creating a pedicle for blood supply. The right gastroepiploic artery and vein were then sutured to the external carotid artery and internal jugular vein respectively through a left cervical incision (performed by GLC). The graft was tunneled posteriorly and the patient then turned prone for cervical laminectomy. The graft was then applied and closure was performed in the same way as for pedicled grafts. All wire and metal fixation, if any, were removed at laminect omy.
Results
First series
Two of the four patients operated in the first series underwent MRI preoperatively, 1 year postoperatively, and 4 Y2 years postoperatively. The neurologic examinations were performed by the operating surgeon (GLC) and do not have the force of those in the second series. The MRI data is unique because of the length of follow-up. These two patients, followed up to 4 Y2 years after surgery are discussed. A 48 year old male sustained a C5 AIS C spinal cord injury from a fall without bone injury, 3 years prior to omental transposition. He had slight motor improvement for the first 12 months after injury and then neurologically plateaued with intermittent trace quadriceps and gastrocnemius on the left and intermittent trace hamstrings and toe flexion, bilaterally. He had Grade 4 biceps bilaterally but no other motor function below C5 except the trace movements noted. He also had only patchy sensory function below C5, including the sacral segments. By 25 months and 54 months after surgery he had gained Grade 1-2 iliopsoas, quadriceps and toe flexion with grade 2 -3 gastrocnemius bilaterally. Functionally this patient was unimproved. Somatosensory evoked potentials were unchanged from preoperative study. This patient's MRI's done preoperatively, at I year and at 4 Y2 years are shown in Figure I . Preopera tively, sagittal Tl and T2 weighted images were consistent with focal gliosis at C3 (Figure 1 a, b) . One year after surgery, the spinal cord deviated into the laminectomy defect with the fat of the omentum apposing it. On T2 weighted images, the spinal cord was bright in the area under the omental attachment ( Figure Ic, d ). On Tl weighted images, the spinal cord was unchanged. On T2, 4 Y2 years after surgery, there was no fat overlying the spinal cord. The area dorsal to the spinal cord where fat lay I year after surgery was occupied by CSF as seen on TI and T2 weighted image (Figures Ie, f) . The spinal cord was more atrophic than at I year after surgery.
A 41 year old male, C5 AIS C, was injured in a motor vehicle accident 2 years and 9 months prior to omental transposition. He underwent a C3-4 diskect omy and fusion acutely after injury and was sensory incomplete and motor complete below C5 in the period immediately after injury. Before omental transposition, he had Grade 5 biceps and deltoid bilaterally and consistent trace toe flexion on the right and intermittent toe flexion on the left. He had impaired touch sensation in all dermatomes below Tl bilaterally with intact pinprick from Tl-T6 only and no pinprick sensation below T6. By 18 months after surgery he had gained Grade 2 -3 quadriceps, iliopsoas, and toe flexion bilaterally as well as Grade 2 triceps bilaterally. Sensation to light touch improved below T6. These neurological findings were unchanged at 54 months after surgery. This patient reported improved truncal control, decreased spasticity, in creased sensation beginning at 8 months after surgery and maximal at 2 years after surgery. Somatosensory evoked potentials were unchanged. His MRI scans are shown in Figure 2 . The patient's preoperative MRI was consistent with focal myelomalacia and gliosis at C3-4 (Figures 2a, b) . One year after surgery, the spinal cord was deviated into the laminectomy defect with the omental fat apposing the dorsal surface (Figures  2c, d ). There was some increase in apparent size of the spinal cord. On T2 weighted images, the spinal cord beneath the area of transposition showed very bright signal intensity. There were no definite changes between the I year postoperative MRI and the scan done 4 Y2 years after surgery (Figures 2e, f) . Fat was still detected abutting the spinal cord.
Second series
Based on the outcomes from the first series, II more SCI patients were offered omental transposition.
Self assessment questionnaires
Of the II patients, five reported that spasticity was not a major problem preoperatively. In three it did not change postoperatively while two reported increase in spasticity. Three of six patients in whom spasticity was a major problem preoperatively, reported a significant decrease in spasticity beginning at 4 -8 months after surgery and plateauing by 12 months. Six of the II also, reported improved truncal control beginning at 4-8 months after surgery.
Slight improvement in all the sensations of touch, pain, heat and cold below the level of injury was reported by four patients at 4-8 months after surgery. One patient reported a decrease in the sensation of touch. There were no consistent reports of changes in bowel and bladder sensation or function.
Subjective improvement in the function of specific muscle groups was reported by five patients in their arms and by three patients in their legs beginning at about 8 months after surgery. One patient, a C6 sensory incomplete tetraplegic, noted decrease in bilaterial biceps and wrist extensor function 4 months after surgery. This patient IS discussed under Complications.
Neurological examinations
Rater Reliability
The rater reliability of the neurological scores was evaluated between the two pre-surgery baseline exams of the operated patients and between the two exams of the non-operated patients. At each examination, the Table 3 Rater reliability of neurological scores Omental tranposition in chronic S.C.I.
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same physician (WHD) rated the ASIA scores and the two elements of the NASCIS-2 sensory scores without reviewing the patient's previous examinations (Table  2) . Intrarater reliability between examinations was estimated using the intraclass correlation coefficient (ICC). 41 Reliability between baseline scores was tested by comparing B to A and between baseline and I year follow-up in the non-operated group by comparing E to D. The effect of surgery was evaluated by comparing the change scores between C to A and E to D. Table 3 presents intraclass correlations measuring intrarater reliability between the two examinations for each patient group. The ASIA motor score was almost perfectly reliable, and the ASIA sensory and NASCIS-2 proprioception scores were acceptably reliable at both intervals. The NASCIS-2 deep pain score appeared less reliable especially over 1 year. These data indicated that the neurological scoring system chosen was mostly reliable and would therefore be sensitive to changes produced by treatment.
Effe ct of surgery
The statistical procedures used to evaluate the effect of treatment in this study are the same as those used in the NASCIS-2 study. 35 First, change scores were calculated between the neurological scores at the baseline examination and I year follow-up examina tion (change score = 1 year score minus baseline score). The first of the two baseline examinations was used in calculating the change score. Second, the effect of surgery was evaluated by comparing the mean change scores between the operated and non-operated patients, using independent-groups t tests. This form of analysis is mathematically equivalent to that used by Bracken et al. 35 One operated patient did not have a 1 year follow up examination and the neurological scores from his 2 year follow-up examination were substituted. For the operated patients, the mean time from the baseline examination to surgery was 2.4 months (range 0.3-4.5) and the mean time from surgery to the follow-up examination was 13.5 months (range 10.9-24). For the non-operated patients, the mean time between the two examinations was 14.9 months (range 12.2-23). Table 4 presents the mean changes in the neurological scores of the operated and non-operated patients, together with the significance levels of the between-group t tests. None of these comparisons
Non-operated group: Two haseline exams Score 2 months apart (n=ll)
--------------------------------------
ASIA motor ASIA pinprick ASIA light touch NASCIS-2 proprioception NASCIS-2 deep pain showed any evidence for improved neurological functioning in the operated patients. In contrast, there was a decrease in the mean ASIA Light Touch score in the operated patients, but not in the non operated patients, and the comparison between these mean change scores fell just short of the statistical significance level (P < 0.05).
To rule out the possibility that the standard neurological scores were insensitive to small changes that might have occurred only at the level of each patient's spinal cord lesion, the effect of surgery was also evaluated using change scores for the neurological level of injury and for three segments below it. The arm motor, the pinprick, and the light touch change scores were compared between operated and non operated patients, using the same statistical procedures used with the total neurological scores. Again, none of the between-group differences were statistically sig nificant (P> 0.40, two-tailed).
Thus in this second series of omental transpositions, there were no overall improvements in ASIA scores and in fact there were slight worsenings which did not reach the level of significance when the operated and non-operated groups were compared collectively to themselves and to each other over time. Nonetheless, objective improvements and worsenings were recorded for certain individuals within both groups. Table 5 lists the changes between the 12 month and baseline examinations for 6 neurologic parameters for all patients. Patient Number 8 in the operated group had marked motor and sensory losses, patient Number 10 had notable sensory losses as did Number lion one side. At the same time patient Number 6 had clear sensory gains. The same comparisons can be made between Nos. 3 and 8 versus Nos. 4 and 7 in the non operated group. Table 6 lists a summation of the patient surveys described earlier and compares the patients' perceptions from their self reports with the Table 5 Changes in neurological exams at 1 year in operated and non-operated patients
Non-operated patients *For these parameters, the first number in brackets in each row indicates the number of patients for whom the reported change was verified at the last neurological examination. The second number(s) in brackets indicates the change in the score(s) for each verified patient when the last examination was compared to the first. Each side (R&L) was considered separately but the ASIA scores shown here represent the algebraic sum of both sides. Some patients improved on one side but worsened on the other. Compare with Table 5 . I Bowel and Bladder Table 7 Number of patients with changes in each of four parameters by self report and ASIA scores neurological examinations for four parameters that appeared on both instruments. Only about one-quarter to one-half of reported improvements and worsenings were corroborated. Most of the eight parameters were reported by the patients as having no change. Table 7 compares the summary data of the surveys against the examination scores. Patients tended to underestimate the losses of function, particularly sensory, and when Tables 6 and 7 are compared, it is clear that improvements as well as worsenings went unrecog nized in some patients. For example, in the motor arm category, five patients reported improvement but only two were verified (Table 6 ). Therefore, four additional (6-2) patients had some slight improvement but were not aware of it ( Table 7) . There was no significant correlation between the patients' reports and the neurological examinations in any of the four para meters (upper extremity motor: r = 0.27; lower extremity motor: r = 0.00; pinprick: r = 0.35; light touch: r = 0.37; all P> 0.25). Correlation was no better for the motor modalities than sensory ones.
Neurophysiology assessment
Cervical somatosensory evoked potentials were fre quently contaminated by background EMG activity leading to variability in latency and amplitude measurements. No changes in cervical somatosensory evoked potentials were noted following any patients' surgery. No changes in lumbosacral somatosensory evoked potentials attributable to surgery were seen. No subject in the surgery group had motor evoked potentials (MEP) in lower limb muscles either before or after surgery. No consistent changes in upper limb MEP's attributable to surgery were found. BMCA of lower limbs indicated decreased spasticity in four patients in the 4 -8 months after surgery extending to the twelfth month. Six patients showed change in measured spasticity of less than 15% and one subject demonstrated increased spasticity beginning at 8 months after surgery. When patient self reports of percent change in spasticity were compared by regressIOn analysis with spasticity measured by BMCA, a significant correlation was found (r = 0.65, P<0.03).
Magnetic resonance imaging (MRI)
Of 44 scheduled MRI's in 11 patients, 42 were completed. On initial MRI's spinal cord size was decreased in seven patients, normal in two and increased in two, only one of whom had a cyst. T2 signal was increased at the level of injury in 10 of 11 patients and extended from 1-5 vertebral bodies. Six patients had small intramedullarly cysts at the level of lllJury. At 4, 8 and 12 months after surgery, the omentum enhanced with gadolinium in all patients and there was contact with the dorsum of the cord in nine of 11 cases. [See Figures I, 2 and 3 for examples] . In two cases, there was evidence of compression of the cord at 4 months which decreased at 8 months. These patients 
Complications
No patient developed external CSF leakage. Three patients, however, developed persistent subcutaneous CSF accumulations 4 -8 months after surgery. All required lumboperitoneal shunts 8 months after surgery for this problem. Two of these three patients also required a posterior wound revision and one developed a progressive decrease in bilateral biceps and wrist extensor function beginning at 4 months after surgery. Three of these four muscle groups in this patient had been Grade 4 preoperatively. His MRI 4 months after surgery showed omentum in contact with the spinal cord. By 6 months, both his biceps had become weaker (from Grade 4 to Grade 1) and the MRI showed definite evidence of increased graft size with spinal cord compression. The graft was removed and was not found to be anatomically connected to the cord. By 2 years postoperative, the patient's left biceps recovered to Grade 2 but the right biceps remained with only Grade 1 function. One patient required revision of a lateral abdominal wall hernia at the site where the graft was brought through the abdomen. This was done 18 months after his original procedure, and the graft as it entered the abdomen was viable with a palpable pulse.
Summary
(I) Based on neurological examinations (ASIA scores), there was no evidence of motor or sensory improvement after omental transposition in the second series despite indications of motor or sensory improvement in two patients in the pilot series;
(2) There was evidence, which approached statistical significance in the second series, of a decrease in sensory function after surgery; (3) Gains and losses in ASIA scores in certain patients in both the operated and non-operated In fact, some improvements and losses found during examinations went unreported by the patients;
(5) Improved truncal control beginning at 4 -8 months after surgery was reported to be of functional benefit in six patients, particularly in two (AIS C). This improvement could neither be verified nor disputed since this parameter was not measured objectively in either the first or second series;
(6) In the second series there was a statistically significant correlation between self reports of changes in spasticity and changes measured by BMCA of the lower limbs (r=0.65, P<0.03);
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GL Clifton et a/ (7) There were no changes in cervical or lumbosacral somatosensory evoked potentials (n = 13) or in upper or lower limb motor evoked potentials (n = 11) after surgery in any patient; (8) At 1 year after surgery, MRI scans showed increased T2 signal intensity in eight of 13 patients, increased size of spinal cord in seven of 13, and graft enhancement by gadolinium in all patients.
Discussion
Omental transposition has been performed on approxi mately 40 chronically spinal cord injured patients by Goldsmith in the United States. ] At least 120 patients have been operated upon in China, Japan, Mexico, Great Britain and India. 27 -33 The character of published data, except for a few detailed case reports, is often in abstract or summary form which does not provide sufficient data to allow the reader to form conclusions. Nonetheless, 40% of patients were reported to have improved after surgery. ] The authors felt, if this were true, there was a need for a limited trial of the procedure employing detailed pre-and postoperative evaluations and long term follow-up, using several measurements to provide an independent analysis of the procedure's effectiveness. The hypothesis that omental transposition might improve conduction within existing fiber tracts in the chronically injured spinal cord is worth considering. Blight and Young have shown that relatively few axons are needed for locomotion in cats. 44 , 45 As many as 84% of motor complete spinal cord-injured patients may be neurophysiologically incomplete 0 and neuro pathological studies of patients with complete spinal cord injuries have shown that 78% of ,Ratients have anatomical continuity of the spinal cord. 6 Demyelina tion of axons is commonly found after spinal cord injury and remyelination is associated with neurologi cal and neurophysiological recovery. 44 , 45 , 47 Axonal conduction can be improved in chronically injured cat spinal cords pharmacologically. 48 Omentum contains a lipid-soluble angiogenic factor which enhances new vessel growth and contains high-levels of neurotransmitters. 2 ' 4 Finally, omental transposition has been reported to enhance axonal growth across a collagen bridge, and has been reported to contain a lipid-soluble factor which enhances neurite outgrowth in neuronal cell culture. 6 , 7 It is conceivable therefore that omental transposition could enhance function of existing tracts either by remyelination or by provision of deficient neurotransmitters or both.
Spontaneous late improvement in motor function (after the first 12 months) has been reported in as many as 30% of patients. 49 Therefore the authors wished to study only those patients whose time since injury was well beyond this. In this series, the mean time since injury was 53 months (range 21-156). Half of the patients reported subjective improvements after
